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STRATIGRAPHIC AND STRUCTURAL RELATIONSHIPS BETWEEN 
THE CUSHING, CAPE ELIZABETH, BUCKSPORT, AND CROSS RIVER
FORMATIONS, PORTLAND-BOOTHBAY AREA, MAINE.
Arthur M. Hussey II 
Department of Geology, Bowdoin College
Brunswick, Maine
INTRODUCTION
The purpose of this field trip is to examine the general 
geologic relations between the Cape Elizabeth, Cushing, 
Bucksport, and Cross River Formations between Portland and 
Boothbay, Maine. The general geology of the region is covered 
in the description for field trip A4 and the reader is referred 
to that section for geological background for this, the B4, 
trip. Figure I is a generalized geologic map of southwestern 
Maine, and Figure 2 shows the itinerary and general location of 
stops for this trip.
ITINERARY
The assembly point is in front of Chase Hall on the Bates
Campus, and the trip is by 15 passenger vans. Tne assembly time
is 8:00 A. M. The following road log begins at the end of the
Maine Turnpike at the commuter parking lot at exit 7 in South 
Portland.
Mileage
0.0 At commuter parking lot for exit 7, Maine Turnpike
South Portland. Exit right onto turnpike connector.
1.7 Junction with Route 1; turn left.
2.4 Bridge over Boston and Maine tracks.
2.7 Right on Broadway at stoplight.
8-3 Stoplight. Continue straight on Broadway.
3.5 Stoplight. Bear left staying on Broadway
4.9 Stoplight at Ocean Avenue. Continue straight on
Broadway.











✓ m i  Pluton
H igh angle post-m etamorphlc fault
Folded thrust (teeth on uppe r plate)Moody Point
Area of Carboniferous
















L. Ord. to E. SIL
• v
Rindgemere, Sangerville Fms, 
Patch Mtn. M^SangervMe
PreC ?
Pre€ ? to Ord ?
9  •  •  9  9
. • *
e # e • %
































6.3 Junction with Prebble Street. Cottage Road now
becomes Shore Road. Continue on Shore Road.
'7.1 Turn left into Fort Williams Park. Follow road to:
*
7.7 Portland Headlight parking area adjacent to the
lighthouse.
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Figure 3. Location of Stop 1. Cape Elizabeth and
Portland E. 7.5' quadrangles.
Walk along path to the north of the lighthouse 
until you can easily descend down over the seacliff. 
The Cushing Formation exposed here, close to the crest 
of the Cushing Anticline, is light gray quartz + 
plagioclase + biotite gneiss with minor muscovite and 
microcline. Pyroclastic structures (relict crystal 
fragments and breccia clasts) are rare here suggesting 
that these rocks represent original fine-grained felsic 
tuffs. Approximately 100 meters north of the 
lighthouse, close to the base of the seacliff, light 
gray metatuff can be seen in contact with, and 
overlying a thin zone of buff-colored metatuff probably 
representing two separate ash deposits. The lack of 













sorting of pyroclastic debris, are
suggestive of a subaerial origin of this part of
Cushing. On the other hand, the presence
manganiferous metasediments (Wilson Cove Member of 





on the east side of the Cushing Anticline suggests a
subaqueous origin for •A-.uhi S metafelsite.
Structurally, the metafelsite is characterized by
a weak foliation and a strong lineation plunging gently








m nepresumed Juro-Triassic 
general vicinity of the lighthouse. About 100m north
of the lighthouse a hackly-fractured postmetamorphic
felsic dike occupies a high-angle brittele fault zone
and has been internally faulted parallel to its
contacts with the Cushing.
At the base of the seacliff immediately below the
northeast side of the lighthouse is a rare occurrence 





of interaction of seawater with a large
discarded brass screws, wire and other
hardware items!
Return to vehicles and retrace route to entrance to 
Fort Williams Park.
Turn left onto Shore Road at Fort Williams Park entrance
Blinker. Turn left onto Route 77.
Roadcuts of rusty-weathering Scarboro Formation.
Roadcut of Spurwink Metalimestone in the axis of the 
Peables Point syncline, a refolded recumbent syncline
heft turn onto road to Two Lights State Park.
Left turn onto Two Lights Road
Turn right into entrance to Two Lights State Park and 
proceed to parking lot at end of the road.
STOP 2 (Figure 4).
Walk to shoreline exposures. c- gSince this cl




Figure 4. Location of stop 2 (Cape Elizabeth
7.5' quadrangle).
The exposures here are chlorite-grade Cape
Elizabeth Formation consisting of thin- to 
thick-bedded, buff-weathering metasiltstone and dark 
gray phyllite. The metasiltstone beds are moderately 
calcareous and ankeritic, hence their buff-weathering 
color. The exposures here are a bit atypical of the
Cape Elizabeth Formation at similar grade elsewhere in 
that the metasiltstone beds are much thicker, 
occasionally exceeding 1 meter. This belt of low grade 
Cape Elizabeth is separated from biotite to garnet 
grade rocks of the Spring Point Formation which abuts 
it approximately 1 km to the northwest, by the 
post-metamorphic high angle Broad Cove Fault.
The Cape Elizabeth Formation here is affected by 
two major deformations. FI folds produced by the first 
are east-verging recumbent folds. Upright graded 
bedding indicates that these folds are east-facing. F2 
folds are very gentle and open. Recumbent parasitic 
folds have an axial planar spaced cleavage in the 
metasiltstone beds, and phyllitic cleavage in the dark 
phyllite beds. Both types of cleavage are parallel to 
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Return to vehicles, and retrace route to the entrance 
to the State Park.
13.1 Turn leftish from the State Park onto Two Lights Road.
1 4 . 0 Turn left on Wheeler Road
1 4 . 1 Stopsign. Turn left onto Route 77.
15 . 0 Pass entrance to Crescent Beach State Park
16. 2 Bear left at fork (Spurwink Road to the right), 
staying on Route 77.
16.5 Cross the Spurwink River.
16. 7 Sawyer St. to the right. Stay on Route 77. The type 
locality for the Spurwink Metalimestone is across 
the marsh from here, on the banks of the tidal river.
18. 0 Turn right onto Pleasant Hill Road.
19.5 Stop sign and blinker at Highland Road. Continue 
straight on Pleasant Hill Road.
21.4 Stoplight. Turn right onto Route 1.
21.6 Keep straight at stoplight.
22. 1 urn left at stoplight onto Turnpike connector
2 2 . 6 Bear right on 1-295 ramp
23. 3 Merge with 1-295. Stay on this highway (which merges 
in Falmouth with 1-95) to Brunswick. Roadcuts along 
1-95 and 1-295 are all of the Vassalboro Formation, in 
places very extensively migmatized.
3 2 . 2 1-295 merges with 1-95.
51.2 Exit right for Brunswick to Route 1
5? ? Stoplight. Continue straight on Route 1
5 2 . 5 Turn left on Route 1.
52.8 Turn left into parking area at the end of the 
Topsham-Brunswick footbridge.
STOP 3 (Figure 5).
Walk across footbridge to the Topsham side of the
Androscoggin River. At the end of the bridge, follow a
short footpath to ledges at the waters edge 'These
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Figure 5. Location of stop 3 (Brunswick
7.5' quadrangle).
exposures are typical of the principal lithology of the 
Mount Ararat Member of the Cushing Formation, here 
consisting of interbedded granofelsic amphibolite and 
light gray biotite+hornblende granofels and gneiss cut 
irregularly by granitic orthogneiss, protomylonitic 
foliated pegmatite stringers, unfoliated pegmatite 
dikes, and granite pods.
On the Brunswick side of the footbridge the
contact with the Nehumkeag Pond Member of the Cushing 
may be exposed, lying essentially at the waters edge. 
Just upstream and slightly west of strike are
interbedded biotite granofels and amphibolite typical 
of the Mount Ararat lithology we observed on the 
Topsham side of the river. The Newhumkeag Pond Member 
as defined by Newberg (1981) in the Wiscasset 
Gardiner area to the north is a buff-weathering 
fine-grained quartz + K-feldspar + plagioclase +
muscovite + biotite gneiss, differing from the Mount 
Ararat Member principally in the virtual absence of 
amphibolite. The same contact, apparently
•  i  •conformable, was exposed during construction of the 
hydropower dam just downstream from this stop.
Return to vehicles. Continue on Route 1 for Bath, 
being careful to take the underpass and not exit 
to Maine Street, Brunswick.
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Beginning of divided Route 1 at underpass.
We are crossing the core of the Hen Cove Anticline.
New Meadows exit. Stay on Route 1.
Stay on Route 1. Do not take the exit for downtown 
Bath.
West end of Carleton Bridge over the Kennebec River.
Stoplight just east of bridge. Stay on Route 1.
Junction Route 127. Stay on Route 1. From here on 
to Wiscasset, roadcuts expose migmatized silliman­
ite + K-feldspar grade Cape Elizabeth. Pegmatites 
that cut the metasediments are characterized by 
pink K-feldspar, an abundance of sillimanite, and 
sporadic occurrences of dumortierite, chalcopyrite 
and bornite. Secondary copper staining is occasion­
ally observed along freshly exposed fracture surfaces.
Junction with Route 144. Stay on Route 1.
Junction with Route 27. Stay on Route 1.
You are in downtown Wiscasset.
West end of the bridge over the Sheepscot River. Just 
downstream on the Wiscasset shore are the remains 
of the old cargo schooners Hesper and Luther Little.
East end of Sheepscot River bridge. Turn right on 
road immediately after the Muddy Rudder Restaurant.
Turn right onto Fort Road, following signs to Fort 
Edgecomb.
Turn left into Fort Edgecomb grounds and park.
STOP 4 (Figure 6). LUNCH
9
Inasmuch as this is a state park, collecting is 
not permitted, and hammering is discouraged. Walk to
exposures south southeast of the block house along the 
shore. This is an exposure of the typical Cape 
Elizabeth Formation not much migmatized and here
consisting of thinly bedded quartz + plagioclase +■ 
biotite + muscovite schist and granofels, with lesser 
metapelite. Note the abundant sillimanite and 
cordierite adjacent to the pegmatite stringers. Small 
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Figure 6. Location of stop 4 (Westport
Island 7.5' quadrangle).
Return to cars and retrace route to Route 1 
Turn left off Fort Road at yield sign.
Turn right onto Route 1.
Turn right onto Route 27. Roadcuts on Route 1 
opposite this turnoff expose the contact of the 
Bucksport Formation with the Edgecomb Gneiss, a 
Devonian (?) age orthogneiss of original quartz-
diorite to granodiorite composition. It is essen­
tially sill-like and was intruded between the 
Cape Elizabeth and Bucksport Formations.
Boothbay-Edgecomb town line.
Park on right shoulder of Route 27 adjacent to rusty- 
weathering road cuts.
STOP 5 (Figure 7. Note: the locations of 
stops 5 through 9 are shown on Figure 8, a geo-
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logical map of the central part of the Boothbay
15' quadrangle).
Figure 7. Location of stop 5 (Westport Island
and Bristol 7.5' quadrangles).
This is an exposure of the lower member of the 
Cross River Formation (referred to informally by the 
writer in a guidebook; for a Geological Society of Maine 
field trip in 1984 as the Pemaquid Harbor Formation, a 
name and useage now abandoned). The lower member here 
is migmatized very sulfidic mica schist, locally with 
abundant graphite and sillimanite. Thin interbeds of 
micaceous quartzite are sporadically present. This is
one of the least migmatized parts of the Formation. 
More typically it is an aqmatite with feldspar 
megacrysts and rafts of non-rusty quartz + plagioclase 
+ biotite granofels and occasional calc-silicate 
granofels. This formation is migmatized to about the 
same degree that the Cape Elizabeth Formation in this 
area, and thus there does not seem to be a metamorphic 
grade difference between the Cross River Formation and 










Continue on Route 27.
Boothbay Railroad Village on left.
Boothbay Center Village 
Boothbay/Boothbay Harbor town line.
Turn left on Route 96 at stoplight.
Boothbay Harbor/Boothbay town line.
t  *
East Boothbay village 
Smugglers Cove on the right.
Turn left into public parking lot. Walk down 
road to cove and then easterly along the shore.
STOP 6 (Figure 9)
B-4
I  • •  •  ,  I  _  . . . . I  « .  •  •  .  •
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Figure 9. Location of stop 6 (Pemaquid Point
7.5' quadrangle).
This is probably the finest exposure of the 
Bucksport in the general area. It consists of brownish 
biotite + hornblende granofels with thin interbeds of 
greenish calc-silicate, and minor rusty-weathering 
metapelite in zones 1 to 2 meters thick. Note the 
abundance of asymmetric parasitic folds with frequent 












E. Dev.? Lincoln Sill
STRATIFIED ROCKS
L. O r d -S i l . Bucksport Fm.
P r e - S i l  .
b i . ‘  gar granofeIs
Cross River Fm.
Pre -  Sil.
amphibolite 
Elizabeth Fm.
-  S traf ig raph ic  or Intrusive contact
Folded thrust
H ig h -a n g le  fault
Nature of contact uncertain
- .  •  i
Figure 8. Geologic map of the central part of the
Boothbay 15' quadrangle. Geology by
A. M. Hussey II.









F2 told sequence of the Casco Bay Group to the west.
Cleavage is weakly to moderately developed locally, but
absent in most of the area. This cleavage is parallel 
to F2 axial planes. Although large pegmatite dikes are
common here, the Bucksport Formation is not migmatized
like the Cape Elizabeth and Cross River Formations are 
nearby. This is due to a difference in composition of 
the Bucksport that favors a higher partial melting
temperature for it compared to the other two 
formations.
Return to cars and turn left out of the parking 
area, following the shore road. Exposures along the
shore are all of the Bucksport and associated 
pegmatites.
Bear left at road fork.
Sharp right curve.
Turn left on Route 96.
Turn left on Murray Hill Road.
Turn left into parking area for public boat ramp.
STOP 7 (Figure 10).
Walk west«(to the right facing the water) along 
the shore below the seawall. Up to the first dock to 
the west (about 500' west of the boat ramp) the 
Bucksport crops out. In this portion of the Bucksport 
there are a few intervals of very rusty weathering 
sillimanite-rich schist. The contact between the Cape
Elizabeth and Bucksport Formations occurs 15' east of
the dock, and here the contact appears to be a 
conformable one, with the Bucksport structurally over
the Cape Elizabeth. Just west of the dock the Cape
Elizabeth Formation includes two or three 
brownish-weathering skarn-like calc-silicate beds.
This contact is interpreted (but with considerable 
hesitation and equivocation) as a premetamorphic fault 
that has been folded by the F2 fold sequence on the
basis of the inferred differences in age of the 
juxtaposed units: Precambrian for the Cape Elizabeth,
and Ordovician to Devonian for the Bucksport. Although 
the Bucksport appears structurally over the Cape 
Elizabeth nere, the regional interpretation is that the
Cape Elizabeth structurally overlies the Bucksport.
One of the questions for discussion at this locality is 
whether this contact, as relatively clean as it is,
179
«
Figure 10. Location of stops 7, 8, and 9






could represent a mechanical surface (perhaps a 
wet-sediment gravity slide) despite essentially no 
indication of milling of the two units.
Return to cars, turn around and exit right onto 
Murray Hill road.
Turn left on Route 96.
Amphibolite in the nose of an F2 anticline.
Turn right onto Bradley Road.
Turn right onto Back Narrows Road.




STOP 8 (Figure 10)
Exposures of amphibolite are abundant through the 
woods east of the road. This is interpreted to be a
unit within the Cape Elizabeth, but it may possibly 
represent the Spring Point Formation above the Cape 
Elizabeth. Although mostly massive, locally it shows
thin compositional layering. This amphibolite is 
interpreted to have been basaltic ash prior to 
metamorphism. Note good examples of south-plunging F2
folds.
Turn around.
98.3 Bear right, staying on Back Narrows Road.
98.4 Road to the right. Stay on Back Narrows Road
98.7 Turn right on Route 96.
100.1 Turn left on unnamed road at brow of hill. Park on
left about 300 feet to the south, opposite the 
Colonial Market. Walk up the narrow paved road to 
the left about 300 feet to pavement outcrops on 
either side of the road.
STOP 9 (Figure 10) .
Glacial pavement outcrops expose the metamorphosed 
phase of the Lincoln Sill, a syntectonic intrusive of
porphyritic mafic syenite. In the Liberty area, where 
it is not metamorphosed, the original igneous 
mineralogy consists of the orthoclase (phenocrysts and 
groundmass), biotite, augite, and orthopyroxene. At 
this stop, where the sill is thin it has been
metamorphosed to a schist consisting of biotite,
hornblende, and orthoclase feldspar. The orthoclase 
phenocrysts are aligned parallel to the foliation. The 
Lincoln Sill in the Boothbay Harbor area is wholly 
within the outcrop belt of the Bucksport Formation and 
has been deformed around the southern end of the 
Boothbay antiform. this part of the sill is 
discontinuous with, but lithically identical to the 
sill in the type area in Liberty, Maine. Acadian-age 
pegmatites and granite post-date the sill.
Return to the cars and turn around. Turn left on Route
96.
100.6 Turn right on Route 27, retracing route back to Route I.




112.4 Park on shoulder of Route as far off the pavement as
possible. THIS IS A BUSY THOROFARE AND NOISY. THIS IS 
ONE OF THE AREAS WHERE SPEEDERS FLAUNT THEIR DISREGARD 
FOR THE POSTED 55. USE CARE IN CROSSING THE HIGHWAY!
STOP 10 (Figure 11).
Figure 11. Location of Stop 10 (Wiscasset
and Damariscotta 7.5' quadrangles).
'  - v
This is a roadcut in the Bucksport Formation, here 
consisting of biotite + hornblende granofels with thin
interbeds of greenish calc-silicate granofels. 
Pegmatite and quartz pods and stringers are common. 
Bedding and the minor pegmatitic and quartz striners 
are deformed by upright F2 folds. These are cut by 
unfolded but slightly foliated 1 to 3 m thick pegmatite 
dikes. One f2 fold is transected along its axial plane
by a metamorphosed but non-migmatized dark gray 
hornblende + biotite granofels dike. A late brittle 
vertical fault with prominent gouge zone (which is
eroding to produce a notable vertical reentrant in the
roadcut) trends N 50 E across the exposures.
Slickensides at the edge of the fault suggest 
predominant strike slip movement. The amount of





This is the end of the 
to Brunswick, Route 201 
Lewiston, and local streets
trip. Return via Route 1 
to Topsham, Route 196 to 
to the Bates Campus.
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